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Overview 
Recent research has highlighted the importance of 

freshwater CO2 fluxes in the global carbon cycle 

(Butman and Raymond, 2011), but also many 

processes which are not well understood (Hotchkiss 

et al., 2015). The concentration of CO2 in 

streamwater is an integrated measure of the fate of 

carbon within a landscape (Worrall and Burt, 2005). 

Measurements of carbon dioxide partial pressure 

(pCO2) and its flux (stream discharge) in headwater 

channels could be an effective way to compare soil 

respiration over large (>1 km2) areas and also the 

contribution of CO2 from the turnover of particulate 

and dissolved carbon washed from the landscape. If 

the contributions to streamwater CO2 could be 

understand than not only can the contribution of 

streams to atmospheric CO2 be measured but also 

CO2 emissions from large areas can be mapped. 

Novel sensors are now available that mean this 

project can now measure pCO2 over short intervals 

(15 minutes) in both streamwater and their bed 

sediments.  

 

Recent research has highlighted the importance of 

land cover on freshwater CO2 evasion at national 

scale (see Figure 1: Rawlins et al., 2014), but a range 

of confounding factors and a lack of temporal data, 

make it problematic to make inferences to 

parameterise national-scale models of changes in C 

flux.  Based on scenarios for 2060 across the UK  

 

(Haines-Young, 2014), the largest change in land cover 

type by area will likely be between arable and 

grassland, accounting for as much as 2M hectares.  

Crucially, we do not know how such changes will 

influence carbon losses at a catchment scale.  This can 

be resolved by experiments in adjacent, paired 

catchments (Palmer-Felgate, 2009) in which land use is 

dominated by either arable or grassland, but with the 

same geology, soils and climate.   By monitoring of  

 

 
Figure 1: Model predictions of free CO2-C concentrations 

(mg l-1) in surface water across England and Wales (July; 

from Rawlins et al., 2014) .   

 

pCO2 concentrations in both stream and bed 

sediment, we can quantify the relative importance of 

in-stream sources of carbon relative soil sources.   
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Using measurements of 14-C (Billett et al., 2006) 

under high and low flow conditions we will determine 

the age of carbon transferred from the terrestrial 

biosphere to atmosphere via aquatic pathways and 

assess whether old stores of carbon will be unlocked 

during the expected land use changes.   

 

Field experiments with novel sensors and dating 

techniques will be supported laboratory incubation 

experiments to determine rates of mineralization of 

particulate and dissolved organic matter washed from 

both land cover types.  Measurements will also 

determine and characterise the lability of dissolved 

and particulate organic carbon in stream water and 

sediment using fluorescence excitation emission 

matrices (EEM) and FTIR spectroscopy.  

 

Hypotheses to be tested:  

 In two sets of paired catchments, arable 

systems have significantly larger annual pCO2 

concentrations and fluxes in streamwater 

compared to grassland-dominated land cover. 

 C-14 ages of channel pCO2 in the arable, 

paired land cover catchments are substantially 

younger than that from grassland under all 

flow conditions. 

 Differences in internal (sediment) CO2 

production in streams draining grassland and 

arable paired catchments (using field and 

laboratory measurements of mineralised 

organic C) reflects the quality/recalcitrance of 

dissolved and particulate organic matter. 

 Supply-limited storm event hysteresis of 

pCO2 concentration is consistent for both 

land cover types 

The data collected from the headwater catchments 

will be used to update and apply the model for 

estimating CO2 evasion from freshwater for England 

and Wales (Rawlins et al., 2014, Worrall et al., in 

press) to predict the effects of different scenarios for 

land use change. 

 
Methodology 
The streamwater pCO2 measurements will be 

undertaken using novel, in stream sensors that are 

connected to bankside CO2 detectors in battery-

powered, weatherproof housings (see Figure 2).   

Concentrations are logged along with water 

temperature and flow developed from a site-specific 

rating curve.   A zeolite molecular sieve can be placed 

in the gas line to trap sufficient carbon for C-14 

dating.   Sensors can be placed both in stream and in 

bed sediment to compare up-stream (flow) and in-

stream (bed sediment) sources of CO2, respectively.   

We have four CO2 sensors, so four series of pCO2 

measurements can be collected contemporaneously 

for periods of several weeks to encompass multiple 

storm events.   We will identify two groups of 

adjacent paired catchments which will each be 

monitored for a period of 9 months during the study 

– at present these are neighbouring catchments on 

the River Soar.   Data collected from regular 

fieldwork will be understood in a range of modelling 

approaches (both statistical and physical - eg. Worrall 

and Moody, 2014); and by use of laboratory 

incubation experiments.  
 

Timeline 
Year 1:  Selection of paired field sites, organise 

access agreements with landowners, pilot testing of 

the in-stream CO2 sensors.  Begin monitoring of first 

set of paired catchments at 9 months. Literature 

review of existing studies.  Develop rating curve for 

field site one.   Capture CO2 for C-14 dating. 

Year 2: Begin time-series analyses of data from first 

paired site.   Transfer equipment to second paired site 

and establish monitoring and rating curves at 18 

months.  Collect bed sediment for the set of 

laboratory incubation experiments and undertake 

these for site one.     

Year 3:  Remove monitoring equipment at 27 

months after capturing CO2 for C-14 dating at site 2. 

Complete full time-series analysis of pCO2  data for 

two sets of paired catchments.  Draft first paper on 

paired catchment comparison.  Complete the 

incubation experiments and laboratory analyses to 

determine rates of microbial mineralisation site two. 

Apply new parameters for flow variation and land use 

to update national scale evasion model.   Use land use 

change scenarios to predict annual CO2 evasion rates 

at national scale.   Draft second paper on pCO2 time 

series under differing flow regimes and C-14 dating 

contrasts.     

Final 6 months: Draft third paper on application of 

updated model at national scale incorporating flow 

and land use change scenarios. Complete thesis. 

 
Training & Skills 
The student will benefit from being trained in field, 

laboratory and modelling techniques; and training 

from both institutions. Modelling techniques will 

include statistical modelling and training in R and 

Python. 

Training in laboratory analytical methods (at 

institutions) 

Field skills – installation, maintenance and repair of 

field sensors, data loggers. 

Methods for 14C AMS dating and interpretation 
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